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1 INTRODUCTION 
T h i s  r e p o r t  r ev iews  t h e  p r o g r e s s  made on the  development o f  a 
r e g e n e r a t i v e  hydrogen-oxygen f u e l  c e l l  under NASA C o n t r a c t  3-2781 
d u r i n g  t h e  p e r i o d  o f  1 Janua ry  1966 through 31 March 1966. The 
program o b j e c t i v e  i s  t h e  development of  a n  e l e c t r o l y t i c a l l y  r e g e n e r a -  
t i v e ,  hydrogen-oxygen f u e l  c e l l  t h a t  w i l l  be s u p e r i o r  i n  performance 
t o  c u r r e n t l y  a v a i l a b l e  r e c h a r g e a b l e  b a t t e r i e s .  The d e v i c e  under  de-  
velopment c o n s i s t s  of a c e l l  s t a c k  t h a t  i s  u t i l i z e d  as  a n  e l e c t r o l y z e r  
d u r i n g  cha rge  p e r i o d s  and a s  a f u e l  c e l l  d u r i n g  d i s c h a r g e  p e r i o d s .  
I n t e g r a l  g a s  s t o r a g e  t a n k s  are  used t o  c o n t a i n  hydrogen and oxygen 
g a s  t h a t  i s  g e n e r a t e d  d u r i n g  c h a r g e o  Such a d e v i c e  o f f e r s  a d v a n t a g e s  
i n  t h e  area o f  watt-hours-per-pound, h i g h  ambient  t empera tu re  ope ra -  
t i o n ,  and g r e a t e r  c y c l e  l i f e  than t h a t  which can be o b t a i n e d  from 
e x i s t i n g  secondary b a t t e r i e s .  P h a s e  I c o n s i s t e d  o f  a d e s i g n  develop-  
ment and t e s t i n g  o f  a nominal 75-watt ,  44-watr-hour ,  6 - c e l l  u n i t  t o  
demons t r a t e  t h e  f e a s i b i l i t y  o f  a m u l t i c e l l  r e g e n e r a t i v e  d e v i c e .  T h i s  
phase h a s  been completed.  Phase I1 ( a s  modif ied)  c o n s i s t s  o f  t h e  i n -  
v e s t i g a t i o n  o f  t h e  a s b e s t o s  m a t r i x ,  e l e c t r o d e  combina t ions  t o  improve 
c y c l e  l i f e ,  and t h e  d e s i g n  and development o f  a 500-watt ,  600-watt-  
h o u r ,  3 4 - c e l l  u n i t  o f  minimum weight f o r  e v a l u a t i o n  as  a f l i g h t  p r o t o -  
type.  
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2. SUMMARY 
During t h i s  p e r i o d  pr imary emphasis was p l a c e d  on t h e  t e s t i n g  of  
s i n g l e  c e l l s  w i t h  v a r i o u s  e l e c t r o d e  s t r u c t u r e s  i n  o r d e r  t o  improve c y c l e  
l i f e  c a p a b i l i t i e s  and t o  o b t a i n  b e t t e r  u n d e r s t a n d i n g  o f  modes o f  
d e t e r i o r a t i o n  o f  c e l l  performance. The exact pr imary cause of  t h e  p e r -  
formance d e t e r i o r a t i o n  w i t h  c y c l i n g  has n o t  a s  y e t  been de te rmined ,  b u t  
i t  a p p e a r s  con taminan t s  i n  t h e  a s b e s t o s  may be c a u s i n g  t h e  d i f f i c u l t y .  
A new t e s t  method was evolved u t i l i z i n g  a n  oxygen c o n c e n t r a t i o n  c e l l  
f o r  e v a l u a t i o n  of e l e c t r o d e  performance,  which o f f e r s  t h e  promise o f  
r educ ing  t h e  v a r i a b l e s  i n  a c e l l  t e s t  and e n a b l i n g  t h e  p i n p o i n t i n g  o f  
t h e  e x a c t  c a u s e  of d e t e r i o r a t i o n .  A s b e s t o s  t e s t s  were con t inued  t o  
o b t a i n  a b e t t e r  unde r s t and ing  of  a s b e s t o s  s t r u c t u r e  and v a r i a t i o n s .  
4 110 -QL-7 2 
I 
3 .  TECHNICAL DISCUSSION 
3 . 1  S i n g l e  C e l l  Test 
F i f t y  s i n g l e  c e l l  t e s t s  were conducted d u r i n g  t h i s  p e r i o d  
t o  e v a l u a t e  t h e  performance o f  v a r i o u s  e l e c t r o d e  s t r u c t u r e s .  Tes t  
r e s u l t s  and c o n s t r u c t i o n  v a r i a b l e s  o f  t h e s e  t es t s  a re  summarized i n  
T a b l e  1. C e l l  No. 120 c o n t a i n e d  American Cyanamid e l e c t r o d e s  t h a t  
had been p r e v i o u s l y  used i n  c e l l s  124,  122 and 119,  t h e  r e su l t s  o f  which 
a re  d e s c r i b e d  i n  t h e  S i x t h  Q u a r t e r l y  Report .  These e l e c t r o d e s  were 
washed p r i o r  t o  u s e  and t h e  c e l l  was assembled w i t h  a new a s b e s t o s  m a t ,  
The c e l l  was c y c l e d  25 t i m e s  and e x h i b i t e d  Q O O r  performance,  d i s c h a r g i n g  
a t  approx ima te ly  0.6 o f  a v o l t  and c h a r g i n g  a t  1.7 t o  1.9 v o l t s .  
C e l l  No. 126 c o n s i s t e d  o f  e l e c t r o d e s  f a b r i c a t e d  by go ld  
c o a t i n g  and p l a t i n i z i n g  porous n i c k e l  p l a q u e s  and a n  a s b e s t o s  m a t  t h a t  
had been a c i d  washed. The a c i d  washed a s b e s t o s  m a t  was p repa red  by 
s h r e d d i n g  two s t a n d a r d  s i x - i n c h  mats i n  a beake r  t o  which i s  added 
200 C C ' s  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  
wi th  t h e  a s b e s t o s  r e su l t s  i n  c o n s i d e r a b l e  g a s s i n g  due t o  t h e  r e a c t i o n  
of  t h e  a c i d  w i t h  c e r t a i n  c o n s t i t u e n t s  o f  t h e  m a t .  A f t e r  one h o u r ,  t h e  
a s b e s t o s  f i b e r s  a re  r e p e a t e d l y  mixed wi th  d i s t i l l e d  water and t h e n  
poured i n t o  a Buchner f u n n e l  i n  which the f r e e  l i q u i d  i s  vacuum f i l t e r e d  
from t h e  f i b e r s .  T h i s  p r o c e s s  i s  r e p e a t e d  u n t i l  t h e  f i l t r a t e  water 
r e a c h e s  a pH of  7. For t h e  f i n a l  m a t  f o rma t ion  p rocedure ,  t h e  a s b e s t o s  
f i b e r s  a r e  mixed w i t h  d i s t i l l e d  wa te r  t o  form a s l u r r y  and a re  poured 
i n t o  t h e  Buchner funne l  under vacuum t o  form a n  even l a y e r  o f  a s b e s t o s .  
The m a t  i s  then  d r i e d  and c u t  t o  a 6-inch d i ame te r .  I n i t i a l  performance 
of  c e l l  126 w i t h  t h e  a c i d  washed m a t  was v e r y  poor ,  d i s c h a r g i n g  a t  
a p p r o x i m a t e l y  0.5 t o  0.6 of a v o l t  and c h a r g i n g  a t  1.7 t o  1.8 v o l t s .  
T h e r e f o r e ,  the t e s t  was d i s c o n t i n u e d .  An exaniinatiaii  o f  the cel l .  
components showed a r e d d i s h  d i s c o l o r a t i o n  o f  t h e  a s b e s t o s  mat a d j a c e n t  
t o  t h e  hydrogen e l e c t r o d e .  I t  was concluded tha t  a l l  the a c i d  had n o t  
been comple t e ly  washed from the a s b e s t o s  mat. 
I n i t i a l  mixing o f  t h e  a c i d  
4 110 -QL-7 3 
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A new m a t  was p repa red  a s  d e s c r i b e d  above. A f t e r  comple t ion  
o f  t h e  d i s t i l l e d  water washing o f  t h e  m a t ,  i t  was r e sh redded  and mixed 
w i t h  40 percent  KOH and a l lowed  t o  react  f o r  one hour .  A f t e r  t h e  KOH 
t r e a t m e n t ,  t h e  f i b e r s  were once a g a i n  washed w i t h  d i s t i l l e d  water u n t i l  
a pH o f  7 was reached.  The m a t  p r epa red  i n  t h i s  manner was assembled 
i n  c e l l  No. 127 i n  c o n j u n c t i o n  w i t h  American Cyanamid e l e c t r o d e s  on 
t h e  hydrogen and oxygen s i d e s .  The c e l l  was c y c l e d  t h r e e  t i m e s  and 
showed good performance a s  shown i n  F i g u r e  1. A t  t h e  end o f  t h e  t h i r d  
c y c l e ,  a n  i n s t r u m e n t a t i o n  f a i l u r e  ( t h e  d i f f e r e n t i a l  p r e s s u r e  t r a n s d u c e r )  
caused the t e s t  t o  be s topped.  
S a t i s f a c t o r y  performance o f t h e  ac i d  -a l k a  1 i t r e a t e d  m a t  
( a t  l e a s t  i n i t i a l l y )  i n d i c a t e s  t h a t  t h i s  approach  w a r r a n t s  f u r t h e r  
s tudy.  
C e l l  No. 1 2 8  c o n s i s t e d  o f  t h e  same hydrogen e l e c t r o d e  
and a s b e s t o s  mat a s  employed i n  c e l l  No. 125. A new oxygen e l e c t r o d e  
of  t h e  American Cyanamid type  was s u b s t i t u t e d  f o r  t h e  o l d  oxygen e l e c t r o d e .  
I n i t i a l  performance o f  t h e  c e l l  was good and t h e  c e l l  was a l lowed  t o  
c y c l e  con t inuous ly .  During t h e  s i x t e e n t h  c y c l e ,  which o c c u r r e d  o v e r  
t h e  weekend, r eco rded  d a t a  shows t h a t  t h e  c e l l  developed a n  i n t e r n a l  
s h o r t .  Performance o f  t h i s  c e l l  i s  shown i n  F i g u r e  2. Recovery o f  
t h i s  c e l l ' s  performance,  by replacement  o f  t h e  oxygen e l e c t r o d e  a f t e r  
a long s u c c e s s i v e  ser ies  o f  t es t s ,  shows t h a t  t h e  major  form o f  d e t e r i o r a -  
t i o n  i n  c e l l  performance i s  a r e s u l t  of  d e t e r i o r a t i o n  o f  t h e  oxygen 
e l e c t r o d e  t h a t  cannot  be  r ecove red  by washing. 
C e l l  No. 129 c o n t a i n e d  American Cyanamid t y p e  e l e c t r o d e s  
t h a t  have been u t i l i z e d  i n  c e l l s  123 ,  1 2 1 ,  and 120 ( r e p o r t e d  i n  t h e  S i x t h  
Q u a r t e r l y  r e p o r t ) .  
which i t  showed a g r a d u a l  d e g r a d a t i o n  i n  performance. I n i t i a l  p e r f o r -  
mance was f a i r ,  d i s c h a r g i n g  a t  0.7 - 0.75 v o l t s .  The r e s u l t s  o f  t h i s  
c e l l  a r e  i n c o n s i s t e n t  w i t h  t h e  r e s u l t s  o b t a i n e d  from c e l l  No. 125,  
which had e l e c t r o d e s  o f  a s imi la r  p r i o r  h i s t o r y .  The l a c k  o f  r e p r o d u c i -  
b i l i t y  between c e l l s  125 and 129 i n d i c a t e s  t h a t  d i f f e r e n c e s  e x i s t  
i n  t h e  c e l l  a c t i v e  components. However, t h e  c o n c l u s i o n s  drawn from 
T h i s  c e l l  was c y c l e d  84 t i m e s  c o n t i n u o u s l y  d u r i n g  
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c e l l s  125 and 128,  i.e., t h a t  t h e  oxygen e l e c t r o d e  does  n o t  r e c o v e r  
performance a f t e r  u s e ,  were reconfirmed.  
C e l l  N o .  130 c o n t a i n e d  a new se t  o f  American Cyanamid 
e l e c t r o d e s  w i t h  a n  a s b e s t o s  m a t  t h a t  had been impregnated w i t h  p r e -  
e l e c t r o l y z e d  KOH. P r e - e l e c t r o l y z i n g  o f  t h e  KOH s o l u t i o n s  r e s u l t e d  i n  
a d e p o s i t i o n  of  a b l ack  d e p o s i t  on t h e  anode hydrogen e v o l v i n g  e l e c t r o d e .  
The p r e - e l e c t r o l y z i n g  was conducted on p la t inum f o i l  e l e c t r o d e s  a t  
100 mi l l i amps  p e r  squa re  c e n t i m e t e r  u n t i l  no new b l a c k  d e p o s i t  was 
observed.  T h i s  t ype  of  e l e c t r o l y t e  was used i n  a l l  subsequent  c e l l s  
a n d  w i l l  be con t inued  t o  be used i n  a l l  f u t u r e  c e l l  t e s t i n g .  
C e l l  130 was c y c l e d  29 t i m e s ,  and w a s  d i s c o n t i n u e d  because  
o f  mediocre  performance. C e l l  No, 131 c o n t a i n e d  t h e  Cyanamid e l e c t r o d e s  
p r e v i o u s l y  used i n  c e l l  No. 127 p l u s  a n  a c i d - b a s e  washed m a t  t h a t  was 
somewhat t h i n .  During i n i t i a l  f l u s h i n g  o f  t h e  c e l l ,  a n  i n t e r n a l  r e a c t i o n  
o c c u r r e d .  Examination o f  t h e  d i sa s sembled  c e l l  showed the edge o f  t h e  
a s b e s t o s  mat d i d  n o t  make a s a t i s f a c t o r y  seal .  
C e l l  No. 132 c o n t a i n e d  t h e  American Cyanamid t y p e  e l e c t r o d e s  
employed i n  c e l l  131 w i t h  a s t a n d a r d  a s b e s t o s  mat t o  see i f  t h e  r e a c t i o n  
had caused a n y  permanent damage t o  t h e  e l e c t r o d e s .  I n i t i a l  performance 
was poor and t h e  t e s t  was d i s c o n t i n u e d .  
C e l l  No. 133 was e s s e n t i a l l y  a r e p e a t  o f  c e l l  130,  
u t i l i z i n g  t h e  same e l e c t r o d e s  w i t h  a new a s b e s t o s  m a t  and e l e c t r o l y z e d  
KOH. The performance o f  t h i s  c e l l  was a l s o  poor. 
C e l l  134 c o n t a i n e d  t h e  same e l e c t r o d e s  a s  u t i l i z e d  i n  c e l l  
128  w i t h  a new a s b e s t o s  m a t .  The c e l l  was cyc led  c o n t i n u o u s l y  f o r  72 
t i m e s ,  i n i t i a l l y  showing f a i r  performance and a s  c y c l i n g  c o n t i n u e d ,  a 
g r a d u a l  d e g r a d a t i o n  i n  v o l t a g e  was noted.  F i g u r e  2 a l s o  shows t h e  p e r -  
formance o t  t h i s  ce l l .  
C e l l s  135 and 136 con ta ined  new American Cyanamid e l e c t r o d e s  
w i t h  s t a n d a r d  a s b e s t o s  f u e l  c e l l  g rade  mats and e l e c t r o l y z e d  KOH. They 
were run  a s  c o n t r o l s .  C e l l  135 was c y c l e d  75 t i m e s  showing a g r a d u a l  
d e g r a d a t i o n  i n  performance a s  shown i n  F i g u r e  3 .  Cell  136 was c y c l e d  
o n l y  10 times a t  which t i m e  t h e  t e s t  was s topped due t o  a g a s  l e a k  i n  
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t h e  hydrogen plumbing of t h e  c e l l .  
C e l l  NOS. 137 and 138 were a l s o  c o n t r o l  t e s t s ,  u t i l i z i n g  
porous n i c k e l  p l aque  e l e c t r o d e s  t h a t  had been go ld  c o a t e d  and p l a t i n i z e d  
p l u s  mats c o n t a i n i n g  e l e c t r o l y z e d  potassium hydroxide.  C e l l  number 138 
was c y c l e d  f o r  25 times d i s c h a r g i n g  a t  0.75 t o  0.8 v o l t .  A f t e r  25 c y c l e s  
t h e  t e s t  was d i s c o n t i n u e d .  C e l l  137 e x h i b i t e d  s imi l a r  performance. 
The above r e s u l t s  showed that  p r e - e l e c t r o l y z i n g  o f  t h e  KOH d i d  n o t  
r e s u l t  i n  improvements i n  c e l l  performance o r  l i f e .  
I n  o r d e r  t o  improve the v o l t a g e  l e v e l s  o b t a i n e d  w i t h  go ld -  
c o a t e d  p l a t i n i z e d  e l e c t r o d e ,  a new se t  o f  e l e c t r o d e s  was prepared u t i l i z i n g  
gold-coated porous n i c k e l  p l a q u e  subsequen t ly  p l a t i n i z e d  , b u t  t h e  
p l a t inum l o a d i n g  was doubled t o  14 m i l l i g r a m s  p e r  s q u a r e  c e n t i m e t e r .  
These e l e c t r o d e s  were s u b j e c t e d  t o  t e s t s  i n  c e l l  number 139. The c e l l  
was c y c l e d  20 times. During d i s c h a r g e ,  i n i t i a l  v o l t a g e  performance was 
s a t i s f a c t o r y ,  0.85 t o  0.9 , b u t  a s  t h e  d i s c h a r g e  proceeded,  v o l t a g e  
f e l l  o f f  r a p i d l y  i n d i c a t i n g  f lood ing .  
C e l l  No. 140 c o n s i s t e d  o f  oxygen and hydrogen e l e c t r o d e s  of  
t h e  American Cyanamid type  AB-6 t h a t  had been p r e v i o u s l y  used i n  C e l l  
136. During t h e  i n i t i a l  f l u s h i n g  o f  t h i s  c e l l ,  i n  t h e  normal checkout  
p rocedure ,  a g a s  l e a k  w a s  observed and t h e  c e l l  was neve r  s u b j e c t e d  t o  
t e s t  due t o  t h i s  g a s  l eakage .  
C e l l  No. 141 c o n s i s t e d  o f  gold-coated and p l a t i n i z e d  porous 
2 n i c k e l  plaques  c o n t a i n i n g  1Lc m i l  l i g rams  o f  p l a t i n u m  per  cm These 
e l e c t r o d e s  have p r e v i o u s l y  been used i n  C e l l  No. 139 showing good i n i t i a l  
performance b u t  a f a l l - o f f  towards t h e  end o f  d i s c h a r g e ,  i n d i c a t i n g  
f l o o d i n g .  I n  the assembly o f  t h i s  c e l l ,  a smaller q u a n t i t y  o f  e l e c t r o -  
l y t e  t h a n  normally used was employed. The c e l l  was s u b j e c t e d  t o  t h e  
s t a n d a r d  t e s t  c y c l e  of  6 5  minu tes  cha rge  and 35 minu tes  d i s c h a r g e  and 
h a s  been cyc led  c o n t i n u o u s l y  f o r  400 c y c l e s .  Performance of  t h i s  c e l l  
i s  shown i n  F i g u r e  4. 
w i t h  c y c l e  l i f e ,  b u t  a t  a c o n s i d e r a b l y  s lower  ra te  than  w i t h  p r e v i o u s  
cel ls .  Performance d e g r a d a t i o n  i n  a l l  p r e v i o u s  c e l l s  h a s  r e s u l t e d  i n  a 
f a l l - o f f  i n  v o l t a g e  a t  t h e  beginning and end o f  d i s c h a r g e .  I n  t h e  c a s e  
The re  was a g r a d u a l  d e t e r i o r a t i o n  i n  v o l t a g e  
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o f  t h i s  c e l l ,  d e g r a d a t i o n  showed up a s  a g r a d u a l  l ower ing ,  b u t  s t i l l  
m a i n t a i n i n g  a f l a t  d i s c h a r g e  v o l t a g e .  
C e l l  No. 142 c o n s i s t e d  o f  American Cyanamid t y p e  AB-6 
e l e c t r o d e s  t h a t  have been p r e v i o u s l y  used i n  C e l l  134. The e l e c t r o d e s  
were washed and reassembled w i t h  a new a s b e s t o s  ma t .  The c e l l  was 
c y c l e d  4 6  times a t  which t i m e  a n  i n t e r n a l  r e a c t i o n  and s h o r t  developed 
w i t h i n  t h e  c e l l .  During t h e  c y c l i n g  p e r i o d  g r a d u a l  d e g r a d a t i o n  i n  t h e  
performance was observed.  
C e l l  No. 143 c o n s i s t e d  o f  American Cyanamid type  AB-6 e l e c t r o d e s  
t h a t  had been p r e v i o u s l y  used f o r  C e l l  135. These e l e c t r o d e s  were a l s o  
washed p r i o r  t o  u s e  and assembled i n  t h e  c e l l  w i t h  new a s b e s t o s  mat. 
T h i s  c e l l  showed f a i r  i n i t i a l  performance, b u t  developed a n  i n t e r n a l  
s h o r t  d u r i n g  t h e  1 2 t h  c y c l e  and t h e  t es t  w a s  d i s c o n t i n u e d .  
C e l l  No. 144 c o n s i s t e d  o f  American Cyanamid t y p e  AB-6 
e l e c t r o d e s  t h a t  have been p r e v i o u s l y  used i n  C e l l  140. T h i s  c e l l  d i d  
n o t  e x h i b i t  a n y  unusual  performance c h a r a c t e r i s t i c s  and was s h u t  down 
a f t e r  9 c y c l e s .  
C e l l s  145 and 146 were assembled i n  a n  a t t e m p t  t o  de t e rmine  
t h e  sou rce  o f  d i s c o l o r a t i o n  and plat inum m i g r a t i o n  observed i n  p r e v i o u s  
ce l l s .  C e l l  145 c o n s i s t e d  o f  a n  American Cyanamid type e l e c t r o d e  on 
t h e  oxygen s i d e  and a porous ca rbony l  n i c k e l  p l a q u e ,  u n c a t a l y z e d ,  on t h e  
hydrogen s i d e .  Ce l l  146 c o n s i s t e d  o f  a n i c k e l  p l aque  on t h e  oxygen s i d e  
a i d  ail Aiiierican Cya-;..amid type e lec t rc rde  on t h e  hydrogen s i d e .  Both o f  
t h e s e  c e l l s  were charged c o n t i n u o u s l y  f o r  1-112 h o u r s o  
t o  remove t h e  a s b e s t o s  mats from t h e  e l e c t r o d e s  (due  t o  l o s s  of  water 
d u r i n g  e l e c t r o l y s i s ) ,  and no c o n c l u s i o n s  were reached from t h e  test .  
It  was d i f f i c u l t  
C e l l  No. 147 c o n s i s t e d  o f  a n  American Cyanamid type  AB-6 
oxygen e l e c t r o d e  t h a t  was modified a t  EOS by e l e c t r o d e p o s i t i n g  a n  
a d d i t i o n a l  7 mg/cm2 b l a c k  plat inum l a y e r  on one s u r f a c e  t h a t  was sub- 
s e q u e n t l y  assembled i n  t h e  c e l l  a d j a c e n t  t o  t h e  a s b e s t o s  m a t .  The 
hydrogen e l e c t r o d e  employed was a s t a n d a r d  American Cyanamid t y p e  AB-6 
e l e c t r o d e .  T h i s  m o d i f i c a t i o n  of  t h e  e l e c t r o d e  was a n  a t t e m p t  t o  i n c r e a s e  
t h e  t h i c k n e s s  o f  the e l e c t r o d e  s t r u c t u r e  and make t h e  e l e c t r o d e s  l ess  
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s e n s i t i v e  t o  matrix water c o n t e n t .  A s  shown i n  F i g u r e  5 ,  t h i s  e l e c t r o d e  
s t r u c t u r e  i n i t i a l l y  showed good f l a t  performance,  b u t  a s  c y c l i n g  c o n t i n u e d ,  
g r a d u a l  d e g r a d a t i o n  i n  t h e  performance was observed.  P r e v i o u s  t e s t s  
w i t h  American Cyanamid e l e c t r o d e s  showed c o n s i d e r a b l y  h i g h e r  c h a r g i n g  
v o l t a g e s ,  presumably due t o  a l a c k  o f  a v a i l a b i l i t y  o f  water i n  t h e  
e l e c t r o d e  d u r i n g  t h e  c h a r g e  mode. S i n c e  t h e  o u t e r  l a y e r  o f  e l e c t r o -  
d e p o s i t e d  p l a t inum was no t  wet-proofed,  t h i s  s e c t i o n  o f  t h e  e l e c t r o d e  
p robab ly  c o n t r i b u t e d  c o n s i d e r a b l y  t o  t h e  lower ing  o f  t h e  c h a r g e  v o l t a g e .  
T h i s  t ype  o f  e l e c t r o d e  s t r u c t u r e  i n d i c a t e s  a p o s s i b l e  t e c h n i q u e  f o r  
i n c r e a s i n g  t h e  performance c a p a b i l i t i e s  o f  American Cyanamid type  
e l e c t r o d e s ,  i f  t h e  g r a d u a l  d e t e r i o r a t i o n  i n  performance problem can be  
overcome. 
S i n c e  t h e  r e s u l t s  of  c e l l s  Nos. 145  and 146 were i n c o n c l u s i v e ,  
t h e  r e p e a t  o f  t h i s  t y p e  t e s t  was conducted w i t h  c e l l s  148  and 1 4 9 .  C e l l  
148 c o n s i s t e d  o f  a n  American Cyanamid oxygen e l e c t r o d e  and a n i c k e l  
p l a q u e  hydrogen e l e c t r o d e .  C e l l  149 c o n s i s t e d  o f  a n i c k e l  p l a q u e  oxygen 
e l e c t r o d e  and American Cyanamid hydrogen e l e c t r o d e o  I n  t h i s  case, t h e  
a s b e s t o s  mats i n i t i a l l y  were impregnated w i t h  a n  a d d i t i o n a l  two grams 
o f  e l e c t r o l y t e  above t h a t  no rma l ly  used i n  o r d e r  t o  p r e v e n t  s t i c k i n g  o f  
t h e  mats t o  t h e  e l e c t r o d e s .  The c e l l s  were charged c o n t i n u o u s l y  f o r  
two h o u r s  a t  10 amps and then  d i sa s sembled .  The re  were no obv ious  d i s c o l o -  
r a t i o n s  observed on e i t h e r  o f  t h e  a s b e s t o s  mats, The o n l y  c o n c l u s i o n  
t h a t  can b e  drawn i s  t h a t  i t  i s  n e c e s s a r y  t o  run t h e  c e l l s  f o r  a l o n g e r  
p e r i o d  of  t ime t o  encoun te r  meaningful  changes i n  t h e  a s b e s t o s  m a t .  
C e l l  No. 150 c o n s i s t e d  o f  a mod i f i ed  American Cyanamid t y p e  
AB-6 e l e c t r o d e  o f  t h e  t y p e  used i n  C e l l  No. 147 w i t h  t h e  e x c e p t i o n  t h a t  
i n s t e a d  of  7 m i l l i g r a m s  o f  p l a t inum b e i n g  e l e c t r o d e p o s i t e d  on t h e  e l e c t r o d e ,  
15 m i l l i g r a m s  o f  p l a t inum p e r  c m  were e l e c t r o d e p o s i t e d .  Performance 
o f  t h i s  c e l l  was mediocre ,  and c y c l i n g  was s topped a f t e r  t h e  e l e v e n t h  
c y c l e .  It was hypo thes i zed  t h a t  t h e  a d d i t i o n a l  p l a t i n u m  p o s s i b l y  was 
b l o c k i n g  the lower a c t i v e  ma te r i a l  and was n o t  accompl i sh ing  a n y  u s e f u l  
purpose.  
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C e l l  No. 151 c o n s i s t e d  o f  t h e  o r i g i n a l  modif ied American 
Cyanamid  e l e c t r o d e  t h a t  was used i n  c e l l  147. The e l e c t r o d e s  were 
washed and reassembled w i t h  a new a s b e s t o s  mat. I n i t i a l  performance o f  
t h i s  c e l l  i n d i c a t e d  some performance improvement o v e r  t h a t  o b t a i n e d  from 
t h e  l a t t e r  c y c l e  performance o f  c e l l  147. The c e l l  was c y c l e d  i n t e r -  
m i t t e n t l y  f o r  a n  a d d i t i o n a l  53 c y c l e s  w i t h  g r a d u a l  d e g r a d a t i o n .  
C e l l  152 c o n s i s t e d  o f  t h e  mod i f i ed  American Cyanamid oxygen 
and hydrogen e l e c t r o d e s  t h a t  were p r e v i o u s l y  used i n  c e l l  150. The 
e l e c t r o d e s  were washed and then  assembled w i t h  a new a s b e s t o s  m a t .  The 
c e l l  e x h i b i t e d  f a i r  performance v e r y  s imi l a r  t o  what was o b t a i n e d  w i t h  
c e l l  150. A f t e r  7 c y c l e s ,  t h e  t e s t  was d i s c o n t i n u e d .  
C e l l  No. 153 c o n s i s t e d  o f  a new se t  o f  e l e c t r o d e s  c o n t a i n i n g  
14 m i l l i g r a m s  o f  p l a t inum p e r  cm2 e l e c t r o d e p o s i t e d  on porous n i c k e l  
p l a q u e s  t h a t  had been gold-coated.  The c e l l  was p u t  on t h e  t e s t  and 
s u b j e c t e d  t o  two c y c l e s .  Performance o f  t h e  c e l l  was e x t r e m e l y  p o o r ,  
o p e r a t i n g  a t  a b o u t  0.5 v o l t  a t  10 amps. T h e r e f o r e ,  t h e  c e l l  was d i s -  
assembled,  t h e  e l e c t r o d e s  were washed, and  reassembled w i t h  a new 
a s b e s t o s  m a t ,  i n  a new c e l l  d e s i g n a t e d  C e l l  No. 154. T h i s  c e l l  showed 
o n l y  a s l i g h t  improvement i n  performance o v e r  t h e  r e s u l t s  o f  t h e  p r e v i o u s  
c e l l .  A f t e r  two c y c l e s ,  t h i s  t e s t  was a l s o  d i s c o n t i n u e d .  
C e l l  No, 155 c o n s i s t e d  o f  a n  oxygen e l e c t r o d e  o f  t h e  American 
Cyanamid type t h a t  had 15  m i l l i g r a m s  o f  p l a t i n u m  e l e c t r o d e p o s i t e d  on 
t h e  s u r f a c e  assembled a d j a c e n t  t o  t h e  a s b e s t o s  m a t .  The hydrogen 
e l e c t r o d e  was a porous n i c k e l  p l aque  t h a t  c o n t a i n e d  15  m i l l i g r a m s  o f  
p l a t i n u m  e l e c t r o d e p o s i t e d  on t h e  s u r f a c e  assembled a d j a c e n t  t o  t h e  
a s b e s t o s  m a t .  T h i s  n i c k e l  plaque c o n t a i n e d  no g o l d - c o a t i n g .  The c e l l  
was s u b j e c t e d  t o  t e s t ,  e x h i b i t e d  poor performance and a f t e r  two c y c l e s ,  
t h e  t e s t  was d i s c o n t i n u e d .  
C e l l  No. 156 c o n s i s t e d  o f  t h e  go ld -coa ted  p l a t i n i z e d  e l e c t r o d e s  
p r e v i o u s l y  used i n  C e l l  No. 154. The e l e c t r o d e s  were washed and assembled 
i n  t h e  c e l l  w i t h  a new a s b e s t o s  m a t .  T h i s  c e l l  showed poor performance 
and a f t e r  two c y c l e s ,  t h e  t e s t  was d i s c o n t i n u e d .  
C e l l  No. 157 c o n s i s t e d  o f  t h e  mod i f i ed  American Cyanamid 
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e l e c t r o d e  and the p l a t i n i z e d  n i c k e l  e l e c t r o d e  p r e v i o u s l y  used i n  C e l l  
155. These e l e c t r o d e s  were washed and assembled w i t h  a new a s b e s t o s  m a t  
t o  see i f  t h e  washing p r o c e s s  would improve t h e  performance. The c e l l  
showed v e r y  poor performance and a f t e r  one c y c l e ,  the t e s t  w a s  
d i s c o n t i n u e d .  
C e l l  No. 158 c o n s i s t e d  o f  a porous n i c k e l  p l a q u e  oxygen 
e l e c t r o d e  t h a t  was gold-coated a t  EOS and p l a t i n i z e d  by Bishop Metals 
t o  h a l f  t h e  d e p t h  o f  t h e  e l e c t r o d e  w i t h  7 m i l l i g r a m s  o f  p l a t inum p e r  
c m  . 
a t  EOS on t h e  heavy p l a t inum s i d e  which was assembled a d j a c e n t  t o  t h e  
a s b e s t o s  m a t .  The hydrogen e l e c t r o d e  employed was a s t a n d a r d  go ld -coa ted  
2 
p l a t i n i z e d  n i c k e l  p l aque  c o n t a i n i n g  15 m i l l i g r a m s  o f  p l a t i n u m  p e r  cm e 
The c e l l  showed good i n i t i a l  performance, however, t h e  c e l l  developed a 
l e a k  and t h e  t e s t  was d i s c o n t i n u e d  a f t e r  8 c y c l e s .  
2 An a d d i t i o n a l  15  m i l l i g r a m s  of p l a t inum p e r  cm2 was e l e c t r o d e p o s i t e d  
C e l l  No. 159 c o n s i s t e d  of t he  mod i f i ed  American Cyanamid 
e l e c t r o d e  employed i n  C e l l  No. 157 on t h e  oxygen s i d e ,  a n  American 
Cyanamid e l e c t r o d e  on the hydrogen s i d e ,  p l u s  a new a s b e s t o s  m a t .  
Performance was poor a g a i n ,  and the t es t  was s topped a f t e r  1 7  c y c l e s .  
C e l l  No. 160 c o n s i s t e d  of  oxygen e l e c t r o d e  AU26 which had been 
p r e v i o u s l y  used on C e l l  No. 156,  unwashed and a new hydrogen e l e c t r o d e  
and a s b e s t o s  mat. The c e l l  was cyc led  one t i m e  and e x h i b i t e d  a v e r y  
poor  d i s c h a r g e  so the t e s t  was d i scon t inued .  
C e l l  No. 161 c o n s i s t e d  of  t h e  oxygen and hydrogen e l e c t r o d e s  
t h a t  had been p r e v i o u s l y  used i n  c e l l  NO. 158 w i t h  a new a s b e s t o s  matrix. 
The e l e c t r o d e s  were washed p r i o r  t o  t h e  new assembly. The performance 
o f  the c e l l  was f l a t  i n  t he  cha rge  and d i s c h a r g e  mode, b u t  t h e  d i s c h a r g e  
v o i t a g e  was p o o r e r ,  i . e . ,  app rox ima te ly  0.6 of a v o l t .  The c e l l  was 
c y c l e d  12 t i m e s ,  and then  t h e  t e s t  was d i s c o n t i n u e d .  
C e l l  No. 162 was t h e  f i r s t  i n  a series o f  c o n c e n t r a t i o n  c e l l s  
t h a t  was i n i t i a t e d  t o  o b t a i n  a b e t t e r  unde r s t and ing  o f  modes o f  d e t e r i o r a -  
t i o n .  
c a v i t i e s  a r e  f i l l e d  w i t h  oxygen t o  approx ima te ly  100 p s i g ,  and t h e  
I n  oxygen c o n c e n t r a t i o n  c e l l  t e s t s ,  bo th  h a l v e s  o f  t h e  c e l l  g a s  
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e l e c t r o d e s .  However, i n  t h i s  c a s e ,  t h e  p o l a r i t y  of  t h e  c u r r e n t  f l owing  
through the c e l l  was r e v e r s e d  e v e r y  35 minu tes  t o  s i m u l a t e  a c y c l i c  mode 
o f  o p e r a t i o n .  T h e r e f o r e ,  f o r  a 35 minute  p e r i o d  one e l e c t r o d e  was 
consuming oxygen and t h e  c o u n t e r  e l e c t r o d e  g e n e r a t i n g  oxygen, and then  
t h e  r e v e r s e  p o l a r i t y  caused t h e  e l e c t r o d e s  t o  r e v e r s e  f u n c t i o n .  C y c l i n g  
was cont inued i n  t h i s  manner f o r  a t o t a l  o f  34 c y c l e s ,  o r  a t o t a l  o f  
approx ima te ly  40 hours .  During t h i s  p e r i o d ,  t h e  v o l t a g e  r o s e  g r a d u a l l y  
t o  a v a l u e  of  approx ima te ly  1 v o l t  a t  which t i m e  t h e  t e s t  was d i s c o n t i n u e d .  
I n i t i a l l y ,  t h e  c e l l  e x h i b i t e d  a f l a t  v o l t a g e  d u r i n g  a c y c l e .  
c o n t i n u e d ,  t h e  v o l t a g e  performance e x h i b i t e d  a s l o p e  a s  shown i n  F i g u r e  7. 
A s  c y c l i n g  
C e l l  No. 164 c o n s i s t e d  o f  t h e  same hydrogen e l e c t r o d e  and 
a s b e s t o s  mat t h a t  had been used p r e v i o u s l y  i n  C e l l  160 w i t h  a new oxygen 
e l e c t r o d e .  The c e l l  was c y c l e d  1 7  times. I t  e x h i b i t e d  poor performance,  
p o s s i b l y  due t o  t h e  exposure o f  t h e  a s b e s t o s  m a t  t o  C O  i n  t h e  a i r  d u r i n g  
reassembly . 2 
C e l l  N o .  165 c o n s i s t e d  o f  a c y c l i n g  c o n c e n t r a t i o n  c e l l  s imi l a r  
i n  c o n s t r u c t i o n  t o  C e l l  163 u t i l i z i n g  a new set  o f  e l e c t r o d e s  and a s b e s t o s  
m a t .  The c e l l  was c y c l e d  c o n t i n u o u s l y  f o r - 1 4 6  t i m e s  on t h e  35  minu te  
c y c l e  a t  18 amps.  During t h i s  p e r i o d  o f  c y c l i n g ,  t h e  v o l t a g e  r o s e  
g r a d u a l l y  from i n i t i a l  l e v e l  o f  a p p r o x i m a t e l y  0.6 t o  0.95 v o l t s ,  S i m i l a r  
t o  c e l l  163, t h e  i n i t i a l  v o l t a g e  performance was f l a t  and a s  c y c l i n g  
proceeded,  t h e  v o l t a g e  developed t h e  g r a d u a l  s l o p e ,  a s  shown i n  F i g u r e  8. 
C e l l  No. 166 c o n s i s t e d  o f  a new t y p e  oxygen e l e c t r o d e  t h a t  
was p l a t i n i z e d  by manual ly  r e c y c l i n g  c h l o r o p l a  t i n i c  a c i d  th rough  a 
porous n i c k e l  plaque u n t i l  20 m i l l i g r a m s  o f  p l a t inum p e r  cm2 was picked 
up by t h e  e l e c t r o d e .  The 0 e l e c t r o d e  was t h e n  c o a t e d  w i t h  e l e c t r o l e s s  
go ld  by r e c y c l i n g  t h e  e l e c t r o l e s s  s o l u t i o n  through t h e  p l aque .  T h i s  was 
a n  a t t e m p t  t o  c o a t  o v e r  t hose  a r e a s  of  n i c k e l  t h a t  had n o t  been c o a t e d  
by t h e  platinum. The c e l l  was assembled w i t h  a p r e v i o u s l y  used gold-coated 
p l a t i n i z e d  hydrogen e l e c t r o d e  i n  a s t a n d a r d  60 m i l  a s b e s t o s  m a t .  The 
c e l l  e x h i b i t e d  unusual  performance i n i t i a l l y  o p e r a t i n g  a t  0.5 t o  0 .6  
v o l c s  and a s  c y c l i n g  proceeded,  d i s c h a r g e  v o l t a g e  Performance i n c r e a s e d  
g r a d u a l l y  t o  a l e v e l  o f  approx ima te ly  0 .75 v o l t s .  During a d d i t i o n a l  
2 
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c y c l i n g ,  t h e  d i s c h a r g e  v o l t a g e  degraded g r a d u a l l y  t o  approx ima te ly  0.6 
v o l t s .  Throughout t h i s  t e s t ,  t h e  u n i t  was c y c l e d  a t o t a l  o f  130 t i m e s .  
Apparen t ly ,  t h e  go ld  l a y e r  i n i t i a l l y  had c o a t e d  o v e r  t h e  p l a t inum and a s  
t e s t i n g  con t inued  ( f o r  some unknown reason)  , more c a t a l y s t  area became 
a v a i l a b l e  and performance improved. 
C e l l  No. 167 con ta ined  go ld  c o a t e d ,  p l a t i n i z e d  e l e c t r o d e s .  
It was s u b j e c t e d  t o  t e s t  i n  a con t inuous  c o n c e n t r a t i o n  c e l l  s imi l a r  t o  
C e l l  No. 162. The c e l l  was p u t  on t es t  a t  a c o n s t a n t  18 amps and 
e x h i b i t e d  a g r a d u a l  r i s e  w i t h  v o l t a g e  i n  t i m e .  
recorded d a t a  showed a s h a r p  i n c r e a s e  i n  v o l t a g e .  Examination of  t h e  
t e s t  c e l l  r e v e a l e d  t h a t  e l e c t r o l y t e  was b e i n g  squeezed o u t  o f  t h e  c e l l  
through t h e  h o l e  i n  t h e  spacer between t h e  c e l l  h a l v e s  t h a t  was used t o  
i n s t a l l  t h e  r e f e r e n c e  e l e c t r o d e .  T h i s  t es t  was t h e r e f o r e  d i s c o n t i n u e d .  
A t  t h e  end o f  4-1/2 d a y s ,  
Cel l  N o .  168 c o n s i s t e d  o f  t h e  same e l e c t r o d e s  a s  used i n  
C e l l  No. 164,  unwashed, with a new a s b e s t o s  m a t .  The c e l l  was c y c l e d  
130 t i m e s  c o n t i n u o u s l y  and showed f a i r  t o  poor  performance d i s c h a r g i n g  
a t  0 .65 t o  0.75 v o l t s .  
C e l l  N o .  169 c o n s i s t e d  o f  hydrogen and oxygen e l e c t r o d e s  
f a b r i c a t e d  by t h e  s t a n d a r d  EOS technique o f  r e c y c l i n g  a h o t  s o l u t i o n  o f  
c h l o r o p l a t i n i c  a c i d  through a porous n i c k e l  plaque.  The c e l l  was 
c y c l e d  c o n t i n u o u s l y  f o r  105 times and showed a v e r y  s l i g h t  d e g r a d a t i o n  
i n  performance d u r i n g  t h i s  pe r iod .  F i g u r e  9 shows t h e  performance o f  
t h i s  c e l l .  
Cel l  No. 170 was a new c o n t i n u o u s  c o n c e n t r a t i o n  c e l l  u t i l i z i n g  
go ld -coa ted ,  p l a t i n i z e d  EOS e l e c t r o d e s .  The c e l l  was p u t  on t es t  a t  
18 amps and has shown a g r a d u a l  i n c r e a s e  i n  v o l t a g e  w i t h  t i m e .  F i g u r e  10 
shows t h e  v o l t a g e  performance o f  t h e  c e l l  and a t  t h i s  p o i n t  t h e  c e l l  i s  
s K i i i  running.  
C e l l  No. 171 con ta ined  American Cyanamid t y p e  AB6 e l e c t r o d e s  
and was s u b j e c t e d  t o  a c y c l i n g  c o n c e n t r a t i o n  t y p e  c e l l  t es t .  During a 
p e r i o d  o f  30 c y c l e s ,  t h e  v o l t a g e  r o s e  g r a d u a l l y  and reached 1 v o l t  a t  
t h e  end o f  t h e  3 0 t h  c y c l e .  The testwas t h e r e f o r e  d i s c o n t i n u e d .  The 
v o l t a g e  o f  t h i s  c e l l  e x h i b i t e d  a n  upward s l o p e  r a t h e r  t han  a f l a t  
c h a r a c t e r i s t i c  d u r i n g  c y c l i n g  . 
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C e l l  No. 172 c o n s i s t e d  o f  a hydrogen and oxygen e l e c t r o d e  
t h a t  had been purchased from t h e  Chem C e l l  Corp. f o r  e v a l u a t i o n .  
These e l e c t r o d e s  c o n s i s t  of  a gold p l a t e d  f i n e  mesh n i c k e l  s c r e e n  on 
which a mix tu re  o f  b l ack  p l a t inum and t e f l o n  i s  a p p l i e d  t o  form t h e  
r e a c t i n g  s u r f a c e .  The c e l l  was p u t  on t h e  s t a n d a r d  t e s t  c y c l e ,  b u t  
performance was such t h a t  c y c l i n g  could n o t  be  c a r r i e d  o u t .  These type  
e l e c t r o d e s  appea r  v e r y  s e n s i t i v e  t o  t h e  v a r i a t i o n s  i n  w a t e r  c o n t e n t  
t h a t  occu r  d u r i n g  t h e  cha rge  and d i s c h a r g e  p r o c e s s  o f  t h e  secondary f u e l  
c e l l .  
good i .e . ,  approx ima te ly  0.85 v o l t s  a t  17.5 amps, b u t  t he  performance was 
poor a t  the beg inn ing  and end o f  d i s c h a r g e  and c h a r g e ,  i n d i c a t i n g  f l o o d i n g  
and d r y i n g  of  t h e  e l e c t r o d e s .  . I t  a p p e a r s  t h a t  t h i s  t ype  o f  e l e c t r o d e  
s t r u c t u r e  i s  n o t  s a t i s f a c t o r y  f o r  u s e  i n  t h e  RHO b a t t e r y  s i n c e  i t  i s  
a p p a r e n t l y  t o o  t h i n  and cannot  t o l e r a t e  t h e  changes i n  m o i s t u r e  t h a t  
are  encountered w i  tli c y c l i n g .  
During one s t a g e  o f  t h e  d i s c h a r g e  t h e  v o l t a g e  performance was 
C e l l  No. 173 c o n s i s t e d  o f  gold-coated and p l a t i n i z e d  e l e c t r o d e s  
t h a t  were s u b j e c t e d  t o  t e s t  i n  a c y c l i n g  c o n c e n t r a t i o n  c e l l .  T h i s  c e l l  
u t i l i z e d  p o t a s s i u m  t i t a n a t e  a s  t h e  m a t r i x  mater ia l  t o  d e t e r m i n e  i f  t h i s  
material could t o l e r a t e  t h e  c e l l  environment.  T h i s  c e l l  i s  s t i l l  on 
t h e  t e s t  a n d  h a s  been s u b j e c t e d  t o  150 h o u r s  of  t e s t i n g  a t  which p o i n t  
t h e r e  h a s  been a ve ry  g r a d u a l  d e g r a d a t i o n  o f  performance. F i g u r e  11 
shows c e l l  mid-point  v o l t a g e  v s p  t e s t  t i m e .  
C e l l  No. 174 c o n s i s t e d  o f  a v a r i a t i o n  o f  a Chem C e l l  e l e c t r o d e  
c o n t a i n i n g  a n  added porous t e f l o n  hydrophobic  l a y e r  l o c a t e d  a d j a c e n t  t o  
the  a s b e s t o s  mat i n  t h e  c e l l  assembly. The water p r o o f i n g  l a y e r  i s  
supposed t o  p reven t  drowning o f  t h e  e l e c t r o d e  a s  water i s  formed i n  t h e  
c e l l .  However, i t  was found t h a t  t h e  c e l l  cou ld  n o t  be  s u b j e c t e d  t o  
t e s t  due t o  a n  ex t r eme ly  h i g h  i n t e r n a l  impedance. T h i s  a p p a r e n t l y  was 
due t o  t h e  non-wett ing nature.  o f  t h e  hydrophobic  l a y e r  between t h e  
e l e c t r o d e s  and t h e  a s b e s t o s  m a t .  I t  i s  p o s s i b l e  t h a t  t h e  e l e c t r o l y t e  t o  
a s b e s t o s  weight r a t i o  and t h e  a s b e s t o s  compress ion  r a t i o  used i n  s e t t i n g  
u p  t h i s  c e l l ,  which was o r i g i n a l l y  op t imized  f o r  EOS t y p e  e l e c t r o d e s ,  i s  
n o t  w e l l  s u i t e d  f o r  t h e  Chem C e l l  t ype  o f  s t r u c t u r e .  
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Tab le  2 shows a summary o f  t h e  c o n c e n t r a t i o n  c e l l  t e s t s  
t h a t  have been conducted t h u s  f a r .  I n  a l l  cases t h e r e  h a s  been a g r a d u a l  
d e g r a d a t i o n  i n  performance w i t h  t i m e ,  and t h e  f i n a l  KOH a n a l y s i s  o f  t h e  
a s b e s t o s  mats have r e v e a l e d  d r o p s  i n  e x c e s s  o f  10 p e r c e n t  KOH. There 
i s  c o n s i d e r a b l e  d i s c r e p a n c y  i n  t h e  d u r a t i o n  of  t e s t s  t o  a common p o i n t  
o f  d e g r a d a t i o n .  
t h e  c o n c e n t r a t i o n  c e l l s  and o t h e r  s i n g l e  c e l l  t e s t s  p o i n t s  t o  a l a c k  o f  
c o n s i s t e n c y  i n  t h e  c e l l  components, o r  t e s t  method. 
components c o n s i s t  o f  e l e c t r o d e s ,  e l e c t r o l y t e  and a s b e s t o s  m a t r i x .  
High p u r i t y  ( p r e - e l e c t r o l y z e d )  e l e c t r o l y t e  h a s  been used i n  r e c e n t  c e l l  
t e s t s  and t h i s  would c e r t a i n l y  n o t  be  t h e  c a u s e  o f  t h e  l a c k  o f  r e p r o -  
d u c i b i l i t y .  Both EOS and American Cyanamid type  f u e l  c e l l  e l e c t r o d e s  have 
shown a l a c k  of  r e p r o d u c i b i l i t y  i n  o u r  performance tes ts .  However, 
American Cyanamid h a s  r e p o r t e d  good r e p r o d u c i b i l i t y  when u s i n g  t h e i r  
e l e c t r o d e s  i n  pr imary f u e l  c e l l s .  F u r t h e r ,  i t  i s  b e l i e v e d  t h a t  t h e  
p rocess  t echn iques  and materials used i n  t h e  f a b r i c a t i o n  o f  EOS type  
e l e c t r o d e s  a r e  r e p r o d u c i b l e .  T h e r e f o r e ,  t h e  material  t h a t  h a s  p o t e n t i a l l y  
t h e  g r e a t e s t  v a r i a b i l i t y  i s  t h e  a s b e s t o s  matrix. Fue l  c e l l  g r a d e  a s b e s t o s  
i s  f a b r i c a t e d  from a v a r i a b l e  mined o r e  which i s  pulped t o  remove l a r g e  
i m p u r i t i e s ,  washed t o  remove water s o l u b l e  i m p u r i t i e s  and t h e n  p rocessed  
i n t o  mats. Thin mats,  i . e . ,  0.020" and under a r e  made i n  a "paper" 
machine wh i l e  mats t h i c k e r  than 0.020" a r e  made on a "board" machine. 
Apparen t ly  more a s b e s t o s  p e r  u n i t  t h i c k n e s s  i s  a p p l i e d  t o  t h e  board 
ma te r i a l  a s  compared t o  t h e  pape r  m a t e r i a l .  S i n c e  i n  t h e  RHO b a t t e r y ,  
a n  0.060" board i s  used a s  t h e  matrix r a t h e r  t h a n  t h e  0.020" pape r  used 
i n  p r i m a r y  c e l l s ,  i t  a p p e a r s  t h a t  w e  have 3-4  times t h e  p o s s i b l e  
contaminat ion p r e s e n t .  T h e r e f o r e ,  i t  i s  c e r t a i n l y  p o s s i b l e  t h a t  t h e  more 
r a p i d  r a t e  o f  d e g r a d a t i o n  of  t h e  RHO b a t t e r y  compared t o  p r imary  c e l l s  
of t h e  American Cyanamid type  i s  due t o  a h i g h e r  q u a n t i t y  o f  a s b e s t o s  
i m p u r i t y  being p r e s e n t .  F u r t h e r ,  t h e  i r r e p r o d u c i b i l i t y  could be 
a t t r i b u t e d  t o  t h e  same f a c t o r .  
The d i s c r e p a n c y  i n  r a t e  o f  d e g r a d a t i o n  encoun te red  w i t h  
The a c t i v e  c e l l  
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C e l l  E l e c t r o l y t e  M a t r i x  Type Time t o  F i n a l  KOH 
No. .9-1 v. 
162 Gold c o a t e d  A s b e s t o s  140 h o u r s  React i o n  
and P t .  
130 h o u r s  2 9 . 6  
4 10 h o u r s  S t i l l  on tes t  
11 I1  I 1  167 
a t  .92 v o l t s  
Cvcl i n ?  
I 1  II I 1  163 
165 
17 1 
173 Gold Coated K t .  
I 1  II II 
Am. Cy. I t  
40 h o u r s  
152 h o u r s  
3 5  h o u r s  
150+ 
- 
26.8% 
28.M 
S t i l l  on t e s t  
and P t .  
33 
3.2 M u l t i c e l l  T e s t i n g  
I n  accordance w i t h  t h e  program work s t a t e m e n t ,  any s i n g l e  
c e l l  e l e c t r o d e  type hav ing  a c y c l e  l i f e  c a p a b i l i t y  o f  > 100 h o u r s  a t  
a s a t i s f a c t o r y  performance l e v e l  i s  t o  be e v a l u a t e d  i n  a 6 - c e l l  t e s t  
assembly. The go ld -coa ted ,  e l e c t r o - p l a t i n i z e d  n i c k e l  s u b s t r a t e  e l e c t r o d e s  
exceed t h i s  c r i t e r i o n .  T h e r e f o r e ,  a 6 - c e l l ,  75-watt  nominal b a t t e r y  
was assembled. The 6 - c e l l  u n i t ,  d e s i g n a t e d  s e r i a l  No. 108, was s imi l a r  
i n  c o n s t r u c t i o n  t o  t h e  m u l t i c e l l  u n i t  s e r i a l  No. 107, d e s c r i b e d  i n  t h e  
4 t h  Quar t e r ly  
1. 
2 .  
3 .  
4 .  
5. 
Report  d a t e d  18 J u l y  1965, w i t h  t h e  fo l lowing  e x c e p t i o n s :  
The e l e c t r o d e s  on b o t h  t h e  hydrogen and oxygen s i d e s  
were g o l d - p l a t e d  n i c k e l  p l a q u e s  p l a t i n i z e d  t o  14 mg/cm 
The backup g a s  d i s t r i b u t i o n  s c r e e n s  behind t h e  e l e c t r o d e s  
and the  b i p o l a r  p l a t e s  were g o l d - p l a t e d  t o  p r e v e n t  
p o s s i b l e  o x i d a t i o n  of t he  n i c k e l  s u r f a c e s .  
The hydrogen and oxygen end p l a t e s  employed were o f  t h e  
type  used i n  t h e  34 m u l t i c e l l  d e s i g n  t h a t  a l l o w s  f o r  t h e  
i n c o r p o r a t i o n  of t he  end s t a c k  e l e c t r o d e s  d i r e c t l y  on 
t h e  end p l a t e .  
A be l lows  w i t h  a modif ied f l a n g e  t o  accommodate t h e  
34 c e l l  end p l a t e .  
A new t e f l o n  be l lows  s t o p  t o  compensate f o r  s t a c k  
l e n g t h  changes caused by (3) and ( 4 ) .  
2 
The c e l l  was o p e r a t e d  f o r  10 c y c l e s  a t  which t i m e  a s h o r t  
developed t h a t  f u l l y  d i scha rged  t h e  u n i t  t o  0 v o l t s .  The s h o r t  was 
t r a c e d  t o  a f a i l u r e  o f  t h e  i n s u l a t i o n  on t h e  main f e e d - t h r u  t e r m i n a l  
through t h e  s t a c k ,  T h i s  t e r m i n a l  c o n s i s t e d  o f  a l / 4  i n c h  coppe r  rod 
t h a t  i s  sea l ed  and i n s u l a t e d  from t h e  t a n k  by means o f  a t e f l o n  r i n g ,  
A p p a r e n t l y  t h i s  r i n g  o f  t e f l o n  g r a d u a l l y  flowed a l l o w i n g  t h e  coppe r  
rod shank t o  s h o r t  o u t ,  D i f f i c u l t i e s  w i t h  t h i s  f i t t i n g  have been 
encoun te red  i n  t h e  pas t ,  and i t  was d e c i d e d  t o  r e p l a c e  t h i s  w i t h  a 
d i f f e r e n t  feed-thru t h a t  employs a 1/8 i n c h  coppe r  rod and a l l o w s  f o r  
a much t h i c k e r  t e f l o n  i n s u l a t i o n  r i n g .  
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The f eed - th ru  t e r m i n a l  was rep laced  and t h e  c e l l  was once 
a g a i n  s u b j e c t e d  t o  t es t .  The ce l l  was o p e r a t e d  on a n  i n t e r m i t t e n t  
b a s i s  due t o  g r a d u a l  d i f f e r e n t i a l  p r e s s u r e  b u i l d u p s  t h a t  i n d i c a t e d  
p o s s i b l e  g a s  leakage.  
i n  F i g u r e  12. 
p e r f o m n c e  a s  t h e  c y c l i n g  con t inued .  
The v o l t a g e  performance o f  t h e  u n i t  i s  p r e s e n t e d  
A s  can  be  seen ,  t h e r e  i s  a g r a d u a l  d e g r a d a t i o n  i n  
T e s t i n g  o f  t h e  u n i t  was s topped  a f t e r  150 c y c l e s  a t  which 
p o i n t  t h e  u n i t  was d isassembled  and examined. 
i n t e r n a l  assembly ,  i t  was found t h a t  a b u i l d  up o f  c o r r o s i v e  p r o d u c t s  
had developed on t h e  end o f  one of t h e  s t a c k  b o l t s ,  which was m o i s t  w i t h  
l i q u i d .  Apparen t ly ,  l i q u i d  was squeezed o u t  o f  t h e  s t a c k  and c o l l e c t e d  
a c r o s s  t h e  i n s u l a t i n g  washer  between t h e  be l lows  f l a n g e  and  t h e  s t a c k  
b o l t .  The s t a c k  i s  des igned  such t h a t  t h e  s t a c k  b o l t s  are  e l e c t r i c a l l y  
i n  c o n t a c t  w i t h  t h e  o p p o s i t e  end plate  and  t h e  f u l l  s t a c k  p o t e n t i a l  e x i s t s  
between t h e  be l lows  f l a n g e  and t h e  b o l t s  which i s  i n s u l a t e d  by a f i b e r  
g l a s s  washer.  Apparen t ly ,  m o i s t u r e  b r idged  t h i s  washer  and set up 
l o c a l  c o r r o s i o n  and e l e c t r o l y s i s  i n  t h i s  a r e a .  The source  o f  t h e  
m o i s t u r e  was n o t  de te rmined ,  b u t  i t  was dec ided  i n  f u t u r e  u n i t s  t o  
i n s u l a t e  t h e  s t a c k  b o l t s  on b o t h  ends  o f  t h e  s t a c k  t o  p reven t  t h i s  
problem. A l l  o t h e r  i n t e r n a l  components appeared  c l e a n  and showed no 
v i s u a l  s i g n s  o f  c o r r o s i o n .  Gold p l a t i n g  o f  t h e  b i p o l a r  p l a t e s  and 
i n t e r n a l  hardware a p p a r e n t l y  q u i t e  e f f e c t i v e l y  prevented  any  o x i d a t i o n  
o r  c o r r o s i o n .  A s  i n  t h e  p a s t ,  t h e  a s b e s t o s  matrices had a g r a y  t o  b l a c k  
d i s c o l o r a t i o n  a d j a c e n t  t o  t h e  hydrogen e l e c t r o d e .  S a m p l e s  o f  a s b e s t o s  
f rom t h e  l s t ,  2nd and  5 t h  c e l l  were ana lyzed  f o r  KOH c o n c e n t r a t i o n  and 
were found t o  be  26.9$, 28.9g and 2 9 . s  r e s p e c t i v e l y .  
I n  t h e  examinat ion  o f  t h e  
To e v a l u a t e  t h e  new i n s u l a t e d  b o l t s  and  t o  o b t a i n  a d d i t i o n a l  
c e s t  cjaca, a second six-cell unit i i t i l i z i f ig  t h e  ssme type cf s?ectrcdes, 
se r i a l  No. 109,  was assembled and s u b j e c t e d  t o  t es t .  The o n l y  d i f f e r e n c e  
between m u l t i c e l l s  108 and 109 was t h a t  a t h i n  t e f f o n  s l e e v e  was 
used  on t h e  s t a c k  b o l t s  where they fed  through t h e  hydrogen end 
p l a t e  t o  i s o l a t e  t h e  s t a c k  b o l t s  e l e c t r i c a l l y .  The u n i t  was sub- 
j e c t e d  t o  t h e  s t a n d a r d  t e s t  c y c l e ,  and from t h e  s tar t  e x h i b i t e d  poor 
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performance a s  shown i n  F i g u r e  13. The u n i t  was c y c l e d  15  times and t h e  
t e s t  was s topped t o  e v a l u a t e  t h e  cause of t he  poor  performance. T h i s  
e v a l u a t i o n  i s  i n  p r o c e s s  and t h e  r e s u l t s  w i l l  b e  r e p o r t e d  i n  t h e  n e x t  
q u a r t e r l y  r e p o r t .  
3.3 A s b e s t o s  S t u d i e s  
Wet chemical  a n a l y s i s  of s t a n d a r d  f u e l  c e l l  g rade  a s b e s t o s  
h a s  been completed and was r e p o r t e d  i n  t h e  S i x t h  Q u a r t e r l y  Report .  I n  
o r d e r  t o  de t e rmine  t h e  e f f e c t  of  KOH impregna t ion  of t h e  m a t  on t h e  
a n a l y t i c a l  p rocedure ,  a s b e s t o s  samples  impregnated w i t h  40 p e r c e n t  
potassium hydrox ide  were a n a l y z e d  a s  p e r  p rocedures  recommended by 
Johns-Manville.  R e s u l t s  of t h e  p rev ious  t e s t  and the  new t e s t  a re  
shown i n  Tab le  3 f o r  comparison. The major  c o n s t i t u e n t s  we igh t  p e r -  
c e n t a g e s  a r e  i n  f a i r  agreement from t h e  two samples.  The l o s s  upon 
i g n i t i o n  i s  c o n s i d e r a b l y  d i f f e r e n t  , a p p a r e n t l y  due t o  t h e  potassium 
hydroxide.  Weights p e r c e n t a g e s  i n  t h i s  t a b l e  a r e  based on t h e  d r y  
we igh t  o f  a s b e s t o s  i o e o ,  w i t h o u t  potassium hydrox ide .  
A d d i t i o n a l  a n a l y t i c a l  t e s t s  have been i n i t i a t e d  on samples 
removed from c e l l s  that have been s u b j e c t e d  t o  e l ec t r i ca l  t e s t s ,  r e s u l t s  
o f  which w i l l  b e  r e p o r t e d  i n  t h e  f u t u r e o  
A n a l y t i c a l  tes ts  were conducted on samples o f  a s b e s t o s  t a k e n  
from c e l l s  t h a t  had been cyc led  t o  de t e rmine  q u a n t i t i e s  o f  p l a t inum i n  
t h e  m a t .  A new g r a v i m e t r i c  procedure was used t o  make t h e s e  de t e rmina -  
t i o n s .  A one squa re  inch  sample,  taken from t h e  mat used i n  c e l l  No. 
103, y i e l d e d  26.3 m i l l i g r a m s  of  platinum. The r e s u l t s  of  e l ec t r i ca l  
t e s t i n g  of  c e l l  No. 103 were r e p o r t e d  i n  t h e  S i x t h  Q u a r t e r l y  Report .  
(The e l e c t r o d e s  used i n  c e l l  103 c o n s i s t e d  o f  a gold-coated p l a t i n i z e d  
n i c k e l  p l aque  a s  the  oxygen e l e c t r o d e  and a p l a t i n i z e d  n i c k e l  p l aque  a s  
t h e  hydrogen e l e c t r o d e . )  
S i m i l a r  t es t s  were conducted on a m a t  sample from c e l l  
No. 106,  which employed American Cyanamid t y p e  e l e c t r o d e s o  The mat i n  
t h i s  case y i e l d e d  13.6 m i l l i g r a m s  of p l a t inum from a one squa re  inch  
sample. ( E l e c t r i c a l  t e s t  resul ts  of  c e l l  106 were a l s o  r e p o r t e d  i n  t h e  
S i x t h  Q u a r t e r l y  Report .)  These t e s t s  v e r i f y  t h e  p r e v i o u s l y  r e p o r t e d  
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TABLE 3 
ASBESTOS ANALYSIS RESULTS 
S tanda r d  A s b e s t o s  Impregnated 
A s b e s t o s  ($) w i t h  KOH ($1 
17.39 
18.25 
2.4 
2 0 4 5  
22.9 
38.8 
16.7 
1.53 
2 00 
21.3 
39 
r e s u l t s  i n  t h a t  q u a n t i t i e s  o f  p l a t inum a re  m i g r a t i n g  i n t o  t h e  a s b e s t o s  
m a t  d u r i n g  c y c l i n g .  The source  of t h e  p l a t inum h a s  been de te rmined  as  
t h e  H e l e c t r o d e ,  b u t  t h e  mechanism o f  m i g r a t i o n  h a s  n o t  been determined 
a s  y e t .  
2 
To e s t a b l i s h  b e t t e r  c o n t r o l  o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  
o f  t h e  a s b e s t o s  m a t r i x ,  a new c o n t r o l  p rocedure  was developed t o  de t e rmine  
p o r o s i t y .  F igu re  14 shows a s k e t c h  o f  t h e  t e s t  a p p a r a t u s ,  which c o n s i s t s  
o f  a c e l l  i n  which t h e  a s b e s t o s  sample i s  clamped, compressed N gas 
and a flow meter. The ra te  of  flow o f  g a s  through t h e  mat r ix  i s  dependent  
on p r e s s u r e  and t h e  p o r o s i t y  o f  t h e  matrix, 
p r e s s u r e  of  24  mm of  mercury was s e l e c t e d  f o r  tes t  o f  t h e  a s b e s t o s  
matrices, and t h e  flow r a t e  was r eco rded  f o r  4 9  d i f f e r e n t  samples.  
F i g u r e  15 shows a d i s t r i b u t i o n  o f  flow r a t e  a s  a f u n c t i o n  o f  t h e  number 
o f  samples. A s  c a n  be  s e e n ,  approx ima te ly  h a l f  o f  t h e  mats f a l l  i n  t h e  
range o f  230-240 ml/min. 
same group of m a t r i c e s .  Based on t h i s  t es t  d a t a ,  i t  h a s  been dec ided  t o  
u t i l i z e  a s b e s t o s  mats i n  t h e  range o f  230 t o  240 ml/min. f low a s  a c r i t e r i a  
o f  s e l e c t i o n  f o r  material  t o  be used i n  cel ls .  There was no a p p a r e n t  
c o r r e l a t i o n  between t h e  mat weight  and flow rate. However, a l l  o f  t h e  
mats i n  t h e  230-240 ml/min. range f e l l  w i t h i n  2 $ o f  t h e  a v e r a g e  we igh t  
o f  26.8 grams. T h i s  procedure a p p e a r s  t o  be  a s u i t a b l e  f i r s t  c u t  a t  
s e l e c t i n g  m a t r i c e s  and w i l l  b e  u t i l i z e d  i n  f u t u r e  t e s t i n g .  
2 
An a r b i t r a r y  d i f f e r e n t i a l  
F i g u r e  16 shows a we igh t  d i s t r i b u t i o n  o f  t h e  
3.4 A n a l y t i c a l  Tests 
An a n a l y t i c a l  t es t  of a go ld -coa ted  c a r b o n y l  n i c k e l  p l aque  
was conducted t o  de t e rmine  t h e  q u a n t i t y  o f  go ld  t h a t  i s  a c t u a l l y  d e p o s i t e d  
i n  t h e  plaque. The e l e c t r o l e s s  p r o c e s s  employs 4 0 0  c c  p e r  e l e c t r o d e  of 
a s o l u t i o n  t h a t  c o n t a i n s  one  ounce o f  go ld  p e r  g a l l o n .  T h i s  r e s u l t s  i n  
t h e  t h e o r e t i c a l  d e p o s i t i o n  o f  3.29 grams o f  go ld  p e r  plaque.  Next ,  t h e  
plaque i s  e l e c t r o p l a t e d  w i t h  go ld  a t  a h a l f  a n  ampere p e r  h o u r ,  
r e s u l t i n g  i n  a t h e o r e t i c a l  y i e l d  of  3.66 grams o f  g o l d .  
t o t a l  t h e o r e t i c a l  y i e l d  i s  6 .95  grams of  g o l d  p e r  e l e c t r o d e .  
a n a l y t i c a l  t e s t ,  a s t a n d a r d  gold-coated p l a q u e  was d i s s o l v e d  i n  a c i d ,  
y i e l d i n g  6.64 grams o f  go ld .  
T h e r e f o r e ,  t h e  
In t h e  
T h i s  r e p r e s e n t s  s l i g h t l y  b e t t e r  t h a n  9% 
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o f  t h e  t h e o r e t i c a l  gold employed. The t es t  was conducted a s  a check 
o f  o u r  p r o c e s s i n g ,  t o  assure t h a t  w e  were o b t a i n i n g  t h e  go ld  cove rage  
in t ended .  
3 e 5 I n s t r u m e n t a t i o n  
During t h i s  r e p o r t  p e r i o d ,  a new t e s t  c o n s o l e ,  c a p a b l e  o f  
c y c l i n g  f i v e  s i n g l e  c e l l s  and two s i x  c e l l s ,  was completed.  The c o n s o l e  
i s  c a p a b l e  o f  c o n t i n u o u s l y  mon i to r ing  c e l l  v o l t a g e  , c e l l  c u r r e n t  , 
d i f f e r e n t i a l  and t o t a l  p r e s s u r e s  and t empera tu re  f o r  t h e  f i v e  s i n g l e  
and two s i x  c e l l  u n i t s .  A w i r i n g  diagram for t h e  t e s t  c o n s o l e  i s  shown 
i n  F i g u r e  1 7 .  
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4 .  CONCLUSIONS 
The primary mode o f  d e t e r i o r a t i o n  o f  c e l l  performance w i t h  c y c l i n g  
h a s  no t  as  y e t  been determined,  It  a p p e a r s  t h a t  secondary modes, 
c o n s i s t i n g  o f  (a) g r a d u a l  r e a c t i o n  o f  t h e  potassium hydroxide e l e c t r o l y t e  
w i t h  t h e  a s b e s t o s  ma t r ix ;  (b) g r a d u a l  o x i d a t i o n  o f  t h e  porous n i c k e l  
e l e c t r o d e  s u b s t r u c t u r e ;  and (c) m i g r a t i o n  of  p l a t inum from t h e  anode ,  
a l s o  e x i s t s .  Replacement of  t h e  a s b e s t o s  m a t r i x  i n  a degraded c e l l  
d o e s  n o t  r e s u l t  i n  performance r ecove ry  showing t h a t  e l e c t r o l y t e  
consumption i s  n o t  t h e  pr imary moden Gradual  d e g r a d a t i o n  i n  performance 
o f  American Cyanamid type  e l e c t r o d e s  which c o n t a i n  e s s e n t i a l l y  no 
a v a i l a b l e  n i c k e l  i n d i c a t e s  t h a t  n i c k e l  o x i d a t i o n  i s  a l s o  n o t  a pr imary 
mode o f  f a i l u r e .  Likewise,  t h e  g r a d u a l  d e g r a d a t i o n  o f  performance i n  
c o n c e n t r a t i o n  c e l l s ,  w i t h  no a p p a r e n t  v i s u a l  p l a t inum m i g r a t i o n ,  
i n d i c a t e s  t h a t  t h i s  t oo  i s  n o t  t h e  pr imary mode. A l l  i n d i c a t i o n s  by 
d i f f e r e n c e  and  c i r cums tance  i n d i c a t e  t h a t  t h e  a s b e s t o s  mat r ix  c o n t a i n s  
c o n s t i t u e n t s  t h a t  cause  t h e  d e g r a d a t i o n .  F u r t h e r ,  t h e s e  c o n s t i t u e n t s  
e i t h e r  become a c t i v e  i n  t h e  e l e c t r o l y s i s  mode o r  a r e  more c o n c e n t r a t e d  
i n  t h e  RHO b a t t e r y ,  s i n c e  pr imary f u e l  c e l l s  a r e  r e p o r t e d  t o  have been 
run  s u c c e s s f u l l y  f o r  long d u r a t i o n s  u s i n g  s imi la r  type  a s b e s t o s  materials.  
A c o n s i d e r a b l e  number o f  t e s t s  have been made w i t h  Cyanamid and 
EOS e l e c t r o d e s .  Tab le  4 compares t h e s e  based upon a n  o v e r a l l  obse rva -  
t i o n  o f  performance. It  i s  o u r  b e l i e f  t h a t  t h e  i d e a l  r e g e n e r a t i v e  
e l e c t r o d e  would combine c e r t a i n  a s p e c t s  o f  t h e  EOS and Cyanamid 
e l e c t r o d e s .  D e s i r a b l e  e l e c t r o d e  f e a t u r e s  a r e  a s  fol lows:  
(1) No n i c k e l  c o n t e n t  
(2)  R e l a t i v e l y  t h i c k  (20  m i l )  po rous  s u b s t r a t e  c a t a l y z e d  
uniformly i n  d e p t h  
2 (3) C a t a l y s t  l o a d i n g  of 10 - 20 mg/cm 
( 4 )  C a t a l y s t  m e c h a n i c a l l y  bonded t o  s u b s t r a t e .  
The d e s i r a b i l i t y  o f  we t -p roof ing  i s  n o t  w e l l  d e f i n e d  a s  y e t ,  
b u t  i n d i c a t i o n s  a r e  t h a t  i t  i s  no t  r e q u i r e d .  
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TABLE 4 
ELECTRODE PERFORMANCE COMPARISON 
Performance 
T e s t  
Charge Performance 
Di scha rge  Perform- 
a n c e  
C y c l e  l i f e  
O x i d a t i o n  res i s t -  
a n c e  of  s u b s t r a t e  
S t d .  EOS2 
20 m$cm 
V e r y  good 
Good 
F a i r  
Poor 
Am. Cya. 
A B 4 ,  A B 5 ,  
9 mglcm 
F a i r  t o  Poor 
Exce 1 l e n  t a t 
peak. Poor t o  
F a i r  a t  beg inn ing  
and end o f  c y c l e .  
Poor 
Exce 1 l e n t  
Go Id -P la t e d  
mg] cm2 
EOS, 7-14 
Very good 
F a i r  
F a i r  
I n i t  i a  11 y 
f a i r ,  g r a -  
dua 1 l y  changing 
t o  poor .  
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5. PLANS FOR THE NEXT PERIOD 
On March I, 1966, a t e c h n i c a l  meet ing was h e l d  w i t h  Messrs. 
H. Schwartz,  D. S o l t i s  and P. Pomerantz o f  NASA, and Messrs. M. K l e i n  
and E. F ind l  o f  EOS i n  a t t e n d a n c e .  The d i s c u s s i o n s  inc luded  a review 
o f  p a s t  t e s t  r e s u l t s  and c o n c l u s i o n s  t o  be drawn from some p l u s  t e s t s  
and t e s t  methods t o  uncover t h e  p r i m a r y  mode o f  c y c l e  l i f e  f a i l u r e .  
I n  a d d i t i o n ,  a p r i o r i t y  s t a t u s  was g iven  t o  each t es t .  The new t e s t s  
a r e  a s  fol lows.  
F i r s t  P r i o r i t y  T e s t s  
1. Assemble s i n g l e  c e l l s  and o p e r a t e  same a s  a n  0 c o n c e n t r a t i o n  2 2 
c e l l  a t  150 PSIG i n  a con t inuous  mode a t  100 ma/cm Paramete r s  t o  
b e  e v a l u a t e d  are: 
(a) e f f e c t  of  cha rge  and d i s c h a r g e  on c e l l  performance 
( b )  P t  m i g r a t i o n  i n t o  m a t r i x .  
T h i s  t e s t  i s  t o  be  conducted t o  e l i m i n a t e  h i g h  v o l t a g e  i o e o ,  
> 1.5 v o l t s ,  e f f e c t s  on t h e  m a t r i x  and t o  see i f  long term performance 
c a n  b e  achieved i f  c y c l i n g  i s  e l i m i n a t e d .  
2.  Assemble s i n g l e  c e l l s  and o p e r a t e  same a s  a n  0 c o n c e n t r a t i o n  2 2 c e l l  a t  =-I 150 PSIG i n  a c y c l i c  mode a t  100 m a / c m  . 
e v a l u a t e d  a r e :  
Pa rame te r s  t o  be 
(a) e f f e c t  o f  c y c l i c  o p e r a t i o n  
(b) P t  m i g r a t i o n  i n t o  m a t r i x .  
Th i s  t e s t  complements T e s t  1 t o  d e t e r m i n e  i f  i t  i s  low v o l t a g e  
c yc 1 i n g  t h a t  causes degrada t i o n .  
3 .  Set  up a s b e s t o s  q u a l i t y  c o n t r o l  p rocedure .  I n v e s t i g a t e d ,  
(a)  g a s  p o r o s i t y  o f  t h e  d r y  m a t ,  and  (b) we igh t .  
4 .  P r e t r e a t  e l e c t r o l y t e  t o  e l i m i n a t e  a n y  p o s s i b l e  con taminan t s .  
TWO procedures  a r e  t o  be employed, namely, t r i p l e  d i s t i l l a t i o n  o f  t h e  
w a t e r  s o l v e n t  and p r e - e l e c t r o l y s i s  o f  t h e  KOH e l e c t r o l y t e .  
Second P r i o r i t y  T e s t s  
5. Study p o s s i b l e  changes i n  P t  c a t a l y s t  c h a r a c t e r i s t i c s  by ( a )  
measurement o f  e l e c t r o d e  s u r f a c e  area b e f o r e  and a f t e r  c y c l i n g ;  and (b) 
measure c r y s t a l o g r a p h i c  p r o p e r t i e s  o f  c a t a l y s t  b e f o r e  and a f t e r  c y c l i n g .  
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6. Eva lua te  matrices o t h e r  than f u e l  c e l l  g rade  a s b e s t o s .  I n i t i a l  
sugges t ed  materials i n c l u d e d  potassium t i t a n a t e  p a p e r ,  a c i d  l eached  f u e l  
c e l l  g rade  a s b e s t o s  and non- reac t ive  porous p l a s t i c s .  
7.  E v a l u a t e  t h e  chemical  p u r i t y  of  t h e  f u e l  c e l l  g rade  m a t r i x  by 
e l e c t r o l y z i n g  a n  a s b e s t o s  pu lp  i n  p r e - p u r i f i e d  e l e c t r o l y t e  a f t e r  a 24-hour 
soak a t  
and formed i n t o  a m a t  f o r  t e s t i n g  i n  a s i n g l e  c e l l .  
8OoC. The e l e c t r o l y z e d  a s b e s t o s  p u l p  i s  t o  be  r e c o n s t i t u t e d  
8. E v a l u a t e  t h e  performance of Chem C e l l  Corp. e l e c t r o d e s  i n  
s i n g l e  ce l l s .  
Th i rd  P r i o r i t y  Tests 
9. Evaluate c e l l  performance u s i n g  optimum e l e c t r o d e s ,  optimum 
m a t  and h i g h  p u r i t y  p r e - e l e c t r o l y z e d  e l e c t r o l y t e o  
10. S e t  up a s i n g l e  c e l l  u s ing  two m u l t i c e l l  end p l a t e s  p l u s  a 
6 - c e l l  be l lows  i n  t h e  s i x - c e l l  tankage t o  e l i m i n a t e  @€' e f f e c t s .  
C e r t a i n  o f  t h e s e  t e s t s  have been completed and r e p o r t e d  h e r e i n .  
O t h e r s  a r e  c u r r e n t l y  be ing  conducted. 
Cyanamid have a g r e e d  t o  s t u d y  s a m p l e s  o f  t h e i r  AB-6 e l e c t r o d e s  t h a t  have 
degraded i n  o u r  usage t o  de t e rmine  t h e  mode o f  f a i l u r e .  P r e l i m i n a r y  
r e s u l t s  from American Cyanamid i n d i c a t e  d e g r a d a t i o n  i s  due t o  a p h y s i c a l  
c o a t i n g  on t h e  plat inum b l a c k ,  I t e m  9 above h a s  been dropped due t o  
t h e  h i g h  c o s t  of  t h e  go ld  s c r e e n  e l e c t r o d e  and i t e m  11 has been r e v i s e d  
t o  be  run  i n  a s i n g l e  c e l l  r a t h e r  t h a n  a 6 - c e l l  t es t  assembly.  
R e p r e s e n t a t i v e s  o f  American 
During t h e  n e x t  p e r i o d ,  e f f o r t s  w i l l  cc~.ti.~-ce tc! d e f i n e  t h e  pr imary 
mode o f  d e g r a d a t i o n .  Tests w i l l  b e  con t inued  a s  d e f i n e d  i n  t h e  r e v i s e d  
t e s t  p l an .  
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6. FINANCIAL STATEMENT 
Man hours  and d o l l a r  e x p e n d i t u r e  f o r  t h e  p e r i o d  4 March 1966 
through A p r i l  1966 were a s  fol lows:  
D i r e c t  Labor Hours 865 
Direct Labor Do 1 la rs  $3,623.02 
Purchases  and Commitments $2,281 59 
T o t a l  D o l l a r  Expendi ture  $12,416.23 
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